In this paper we propose the concept of 'open-source resilience' as a promising path towards urban transformation and greater resilience. This proposition is investigated through the process of co-designing a digital platform, providing tools for actors engaging with resilience through urban commoning processes. Such tools will have the role of sustaining commoning projects and scaling them (up and wide) by facilitating processes of knowledge-sharing and networking. To illustrate the approach, we present outcomes and observations from an initial stage of the co-design process, which resulted in a first digital prototype. 
Background
The unprecedented environmental, social and economic challenges marking the 21st century have made it essential to search for ways of enhancing the resilience of cities and their inhabitants. It has been acknowledged that cities play a central role in the process of addressing the effects of climate change -arguably the most significant threat faced by our planet. Indeed, more than half of the world's population lives in cities, a percentage that is expected to increase to 70% by 2050 [1] . Furthermore, world-wide, cities are responsible for almost 75% of the global resource consumption, while they account for more than 70% of energy-related global greenhouse gas emissions [2] . In this context and given the unknown and unpredictable effects of climate change [3] and the multiple and interlinked challenges of resource depletion, loss of welfare and financial crises, cities are now faced with a 'resilience imperative' [4] .
The discourse of 'resilience', which broadly relates to the way in which societies adapt to externally imposed change [5] has indeed (re)gained prominence and popularity among the wider academic community, policy-makers and grassroots activist groups alike.
encouraging the idea of active citizenship, whereby people and communities take responsibility for their own social and economic wellbeing rather than relying on the state, resilience has been also associated with normalised neoliberal ideology [5] . This is illustrated by the 'Big Society' project, with its focus on localism and community as a way of legitimizing the dismantling of the welfare state and the provision of public services [25] . In a similar manner, 'top-down' resilience strategies place the onus on individuals, communities and places to become more adaptable to various external threats, in turn reproducing wider social and spatial inequalities [11] . Indeed, some argue that resilience has come to represent the preferred means of maintaining business as usual [26] , promoting "responsibility without power" [27] , p.386, and producing active citizens and active institutions whose purpose is to maintain the status quo rather than challenging it [19] .
However, in parallel to this neoliberal framing, 'resilience' has also been used to frame particular forms of activism, through the activities of community groups and environmental campaigns [11] . Such grassroots articulations of resilience involve the use of the term for designing community-driven approaches to environmental and social issues, utilising resilience as a vehicle for imagining and creating alternatives to mainstream society [8] .
In such cases, aspects of adaptive capacity and transformation have been used to strengthen communities and promote anti-capitalist activist projects rather than maintaining dominant economic and political systems [25] . Seen as examples of localist civil society responses to the effects of globalising socio-economic practices, these grassroots conceptions of resilience are considered more closely allied with the normative aims of socio-ecological resilience theory [19] . One important theoretical aspect that could be addressed by grassroots movements is the idea of 'regime shift' or the possibility of for a new system to arise out of the old, when this is no longer desirable or tenable [10] . This 'ontology of potentiality' suggests that resilience theory can offer radical possibilities, beyond its neoliberal connotations and understandings of the world as an unstable and crisis-prone social-ecological economy [7] .
Resilience and 'commons' movements
In this context, some have argued that more radical forms of transformation promoted by grassroots activist groups should abandon resilience as a framework for achieving change due to the ideological connotations of the concept and indeed adopt other terms, for example 'resourcefulness', instead [11] . Furthermore, in order to challenge neoliberal policy frameworks at national and supranational scales, and overcome the 'local trap' [28] , it is encouraged to foster trans-local relations between particular sites and exemplars, and creating links between community groups and broader social movements [11] .
One such movement is the 'new commons' movement, which is concerned with communal management of land and resources as a project of resistance to privatisation and globalisation [29] . Traditionally, the 'commons' struggles focused on access to, and governance of, a common pool of physical resources, such as rural land and resources such as pastures, fishing waters and forests [30] [31] . More recently, it has opened up to include new physical spaces of communal ownership and engagement, such as community gardens, and, importantly, also shared heritage and rights, including social and cultural resources, such as scientific knowledge and the internet [32] . Furthermore, the concept of 'commons' is also central to critiques of contemporary forms of capitalism [33] , suggesting a new mode of economic production, which places an emphasis not on monetary value but on a wealth of knowledge, information, affects and social relationships [34] .
While little research has been done on the link between grassroots resilience initiatives and the 'new commons' movement, some have argued that thinking resilience through the framework of the commons can bring back to light the 'transformability' focus within social-ecological resilience literature [9] and the potential for regime shift. Grassroots resilience movements are producing new social and economic values and have an important role in 'recommoning' the assets necessary for a community to sustain collective activities in the neighbourhood and beyond [29] . In doing so, they can contribute to a new political-economic agenda of the 'commons', within a broader process of connecting and expanding the 'cracks' in the logic of capitalism and proposing new alternatives [35] . The term 'commoning', coined by historian Peter Linebaugh [31] in his work on the living history of commoners' struggles, refers to the social process that creates and reproduces the commons. It is also grounded in Ostrom's earlier work on the community governance of common pool resources [30] and the further development of a commons-focused interdisciplinary political theory [33, [36] [37] [38] ].
An additional yet related movement, which can help identify radical possibilities for resilience theory to go beyond its neoliberal framing and achieve its transformability potential [19] is the open-source, commons-based peer production movement. The open-source movement reflects the struggles over the digital commons and aims to democratise knowledge access to information and the means of knowledge production as a critique of proprietary capitalist production, corporate control of knowledge and tools for innovation [39] . Contemporary forms of opensource production, which instead of copyrights and patents use other forms of licences, such as the Creative Commons Licence, have been termed 'commons-based peer production' [40] . This entails a socio-economic system of production, which is based on collaboration among large groups of individuals and argued to represent the beginning of a larger societal transformation as peer economies [40] [41] . Open-source philosophies and practices have entered fields such as architecture and design, illustrated by the WikiHouse (http://www.wikihouse.cc/), while the potential for an 'open-source production of urban commons', which could democratize urban development, has also been noted and illustrated by the 'temporary micro urban commons' initiated by groups such as Rebar, a design-art-activist group, and aaa, a studio for self-managed architecture [39] .
An 'open-source resilience' proposition
Drawing on this background, we are proposing 'open-source resilience' as a path towards enhancing the resilience of cities and their inhabitants, which brings together resilience needs and opportunities offered by linking resilience theory and practice with the commons and open-source, commons-based peer production movements. The proposition acknowledges that achieving greater resilience requires a process of radical urban transformation through which "dominant structures, functions and identity of urban systems change fundamentally" [42] , p.160, so that new civic, cultural and economic practices, involving ethical, ecological and equitable uses of urban resources, can emerge. We consider that citizens and communities are key in driving this kind of transformation and that processes of 'commoning' have the potential to be a viable vehicle in the process of urban transformation, as they can bring to the fore new ways (e.g., more ethical, ecological and inclusive) of managing and governing shared (tangible and intangible) urban resources. Taking an extended view of the commons [43] , commoning projects can broadly range from urban gardening, the rehabilitation of community parks and the reactivation of public space through cultural practices, to developing alternative participatory democratic practices, collaborative and sharing forms of economy, peer-to-peer production and open-source technology.
More specifically, the proposition of 'open-source resilience' builds on three key concepts (or principles), which have emerged from a transdisciplinary body of literature including resilience theory, and work on the commons and commons-based production, as related to cities.
The first principle is that the connected 'local' represents a significant site for resilience experimentation, which combines the re-localization of resilience knowledge and the means for co-producing it with trans-local connections across scales and locations:
Resilience literature has highlighted gaps between ideal (or theoretical) forms of resilience and how resilience has been adopted in practice, raising questions of what resilience is and for whom [8] . Performative accounts of how resilience is enacted in practice could provide a useful way of exploring these gaps between theories and practices of resilience [44] , particularly given the importance of the 'local' as significant site for experimentation and development of knowledge through experiential practice [45] . However, there is little empirical work on how various groups have engaged with, or tried to implement resilience in practice, including the outcomes of their efforts and lessons learnt. This indicates a need for practice-based and context-sensitive approaches, and direct engagement with those who have been trialing ways of enhancing local resilience on the ground. Small-scale interventions offer opportunities for learning through experimentation, thus making it important that the means for producing resilience knowledge are situated within the communities engaging with local resilience needs, rather than externally imposed models or strategies. At the same time there is a need for enabling trans-local connections between places, communities and local resilience experiences in order for the knowledge produced locally to be shared across scales and locations, and in this process enable local-level interventions to have large system effects [7] .
The second principle is that open-source, commons-based peer production (e.g., of knowledge, know-how, methods and practices) can offer a potential path towards radical transformation for greater resilience:
Current resilience discourses, particularly as adopted by national and supranational governments and institutions, are argued to reinforce neoliberalism and preserve the status quo [25] . In contrast, exploring resilience through the 'commons', which is central to critiques of contemporary forms of capitalism [33] , has the potential to bring resilience closer to its theoretical aims of transformation and regime shift. In order to achieve the kinds of changes that could lead to radical urban transformation and societal change, there is a need to develop new modes of economic production that challenge current resource-intensive and wasteful practices. The forms of commons-based peer production advanced by the open-source movement are argued to illustrate possibilities for a new socioeconomic system of production and create a new social context [46] , which in turn could instigate the kinds of social practices and values needed to achieve greater resilience.
The third and last principles of our proposition is that collaborative technologies can be promising tools for connecting distributed local resilience initiatives and co-producing strategies with the potential to enable system change:
With the aim to enhancing urban resilience, the importance of engaging with multiple stakeholders, such as practitioners and communities experimenting with ways of implementing resilience on the ground, has become apparent [8, [47] [48] . Indeed, there is a need for multiple knowledges and the recognition that local, non-expert knowledge has a significant place in resilience discourses, alongside scientific knowledge -in particular, when aiming to operationalise resilience as part of urban development or regeneration approaches. However, as the resilience literature shows, issues of power and social inequalities can make it difficult for some stakeholders (such as from socially and economically deprived urban areas) to have a voice in defining more resilient futures or informing these visions with their needs and wishes [19] . This highlights the need for tool that can enable coproduction processes between multiple stakeholders, including possibilities for sharing local knowledge, creating collective memory and enabling learning across locations. In this context, collaborative technologies, such as social networking sites and crowdsourcing platforms, can facilitate the co-production of the urban commons by enabling the emergence of diverse and distributed local interventions addressing context-specific social, ecological and economic challenges. Connecting such local (urban commons) initiatives within the digital commons is argued to have the potential to instigate boarder cultural and institutional change and in turn drive systemic institutional changes [42] .
In the following sections we introduce our approach to investigating this proposition, presenting initial reseacrh outcomes that illustrate this approach. The outcomes are discussed in relation to the three principles informing the 'open-source resilience' proposition, including observations made during the first stage of the research process.
Research approach
While processes of commoning have the potential to be a viable vehicle in the process of urban transformation towards greater resilience, commoning projects first need to gain agency and become more strategic in pursuing common goals, and ultimately lead to change. Commoning projects usually start from the grassroots, addressing local conditions and needs and therefore being better placed to enhance local resilience, which is now a key policy aim of many city leaders (e.g., London Resilience Partnership Strategy, [49] ). However, too few seem to have the means to become sustainable in the long term or indeed to change the systems in which they operate so that urban resilience can actually be enhanced from the ground up. This raises the need for tools that can support existing projects to self-manage and at the same time create the infrastructure for experiences and knowledge to be shared across locations (neighbourhoods, cities, countries) in ways that can be adopted and adapted to different contexts. We argue that this is essential in order for local initiatives to scale up, both in terms of operating at levels beyond the 'local' to influence policy and development strategies, and also in terms of generating new iterations through replication and multiplication.
The proposition of 'open-source resilience' is investigated from this perspective and through the process of codesigning a digital platform with local actors involved in commoning processes at various levels (e.g., as initiators and as everyday participants in commoning projects) and operating in different European city contexts (i.e. London, Paris and Bucharest) 1 . This is considered to offer opportunities for addressing various needs and therefore imagining diverse tools. The platform will be composed of a series of digital toolkits, which are based on existing (open or not) digital technologies, re-appropriated and re-framed according to the needs of the local actors involved in the codesign process, the contexts and scales at which they operate. The platform is conceived to evolve openly, to allow it to be further re-purposed and expanded by other users and in other city contexts, after the design of an initial platform prototype and beyond the life of the project.
The digital toolkits are aimed at supporting local actors in developing their commoning projects and scale them (up and wide) by enabling and sustaining processes of knowledge-sharing and networking, providing spaces of opportunity and connection [50] . Such tools may include, for example: resource mapping (e.g., sites, volunteers, skills); databases and archives (e.g., project information, methods, documents, legislation); management and organisational frameworks (e.g., shared calendars, project management, local intranet); and communication between users (e.g., social networking, forums, chat rooms). The functions are identified with the local actors taking part in the research, based on their specific needs and interests. Moreover, both the platform and its design process will remain open after the end of the project to encourage other groups to join the process and further develop the platform (Fig 1) . Inspired by the open-source, commons-based peer production movement [40, 46] , this openness of the design process, including that of the knowledge produced and the means for its production, is intended to allow the platform to become a form of 'commons' in itself, whilst its production and use become a form of 'commoning'. In each of the three European cities selected as case studies, the research is carried out in partnership with local professional groups (addressed here as 'practitioners') and by tapping into their local networks. Typically, the practitioners are alternative architectural practices in London and Paris, but also NGOs and cultural groups in Bucharest, who have initiated commoning projects and/or have a strong interest in commoning and more broadly, in urban resilience. Their work varies according to the specific conditions and characteristics of each of the three urban settings, with a consequent different focus in terms of 'commoning'. For example, they include practitioners experimenting with: alternative urban economies through temporary uses of space, in new or re-developed neighbourhoods in London; with locally closed ecological cycles to support the emergence of alternative models of living, producing and consuming, in socially and economically deprived suburban neighbourhoods in Paris; and with forms of cultural and civic activation of post-communist neighbourhoods, in Bucharest.
These local practitioners offer 'entry points' into the three city contexts, in terms of obtaining a better understanding of the cultural and political framings shaping their activities, the challenges they face, and at the same time opening up the project through access to their local networks (e.g., local groups and communities with whom they work on commoning projects) and physical sites of experimentation, where we can prototype the toolkits. In this way, we can access both groups of citizens running commoning projects, and also actors operating on the municipal and regional levels (e.g., civic organisations, local authorities and institutions, and other networks aiming to enhance local resilience). Furthermore, the aim is also to create connections and collaboration across the cities where the platform is prototyped, through sharing information and experiences of projects, thus offering the platform a European level.
The scales of the toolkits reflect the scales at which these actors operate, varying from the local (e.g. hub, community, neighbourhood) to municipal, regional and European. The actors involved in the design of the tools take part in all stages of the design process, from defining the vision and local 'briefs' for the tools (i.e. those that they consider useful for their activities) to designing through making the toolkits, including their own 'user guides'. While some of the actors are involved only in the design of the tools specific to their scale of operation (e.g., local), the design process includes opportunities for sharing experience between these groups, across the three cities and scales, with the aim to define together the form, functions and mode of operation of the final platform prototype that will result from the overall process.
This multi-level and multi-scale process offers opportunities to imagine and develop tools that address the three key needs of commoning processes: self-management, scaling (up and wide) and strategizing capacities as part of a collective effort to advance urban transformation and wider change towards resilience.
Discussion of initial outcomes
To illustrate our approach, in this section presents initial outcomes from the first case study, Paris, and a series of workshops through which we explored the local / self-management level of the platform. After briefly introducing the research process, these initial results are presented in the context of the principles informing our proposition of 'open-source resilience', focusing on how we applied them in the Paris case.
The research process included a series of co-design workshops with potential users of the prototyped toolkits, carried out as part of a research residence in June -July 2016. The main local partner in Paris is the architectural practice, Atelier d'Architecture Autogérée (AAA) and focus was placed on the R-Urban project, which AAA initiated in 2011, in the northern Paris suburb of Colombes and in partnership with the local authorities and a number of organisations, as well as with the involvement of a range of local residents. R-Urban is aimed at creating a network around a number of 'collective hubs' -essentially, resident-run facilities aiming to form local ecological cycles and engage their users in everyday eco-civic practices [51] . R-Urban includes two established hubs in Paris, located in Colombes, in an area with relatively high levels of socio-economic. The network is currently expanding with new hubs soon to be created in the southern Paris suburb of Bagneux. In addition, the project has been adopted by a London-based architectural practice, Public Works, who have initiated the R-Urban Wick network in north-east London. In the initial stage of the research carried out in Paris, we focused on identifying potential tools for the selfmanagement of a hub, and for the organisation and management of the emerging Paris network.
The connected 'local':
The hub we used as a case study for the 'local' platform level is Agrocité, which is an agricultural unit comprising an experimental micro-farm, community gardens, educational and cultural spaces. In terms of organization, Agrocité is a hybrid structure, with some components run as social enterprises (e.g., microfarm, garden shop, cafe), while others are run by groups of local residents (e.g., community garden, cultural and educational spaces) and local associations (e.g., a compost school and the Association for the Preservation of Peasant Farming / AMAP). Importantly, a core group of local residents (specifically, a group of women) oversee the site, together with advisory support from AAA.
The research process included a series of workshops with this group running the hub and representatives from AAA (who also had a key role in translating elements of the discussions, which were held both in French and English) (for example, see Fig 2) . It is important to note that this initial step in the design process was also aimed at engaging with 'non-technical' users who, prior to the workshops, would have not considered technology as a way of facilitating and enhancing their everyday commoning practices. Our premise is that tools developed with a nontechnical user base can offer important insights into the kinds of technologies that could be replicated for other places and users, and also the kinds of processes required for replication.
The outcome of the workshops is a digital toolkit -AgrocitéHub (agrocitehub.hotglue.me; Fig 3) , essentially a portal into which converge a number of tools addressing specific hub needs as identified by those running it. These include tools for internal organisation and management (i.e. a shared calendar, an instructions wiki around the use and maintenance of specific facilities such as the compost unit and the chicken coop, and a planting and harvest guide for the collective garden); and also sharing tools for the hub to connect and mutualise resources with other similar hubs and networks (e.g., future Bagneux R-Urban hubs, AMAP network and BioCoop chain of organic supermarkets), such a community page, a public recipe book and a resource map.
While developed in the case of, and with, those running the Agrocité hub, similar micro-tools brought together into one coherent 'portal' can be imagined for other local hubs and their own specific needs. Together, such tools illustrate possibilities for enabling trans-local connections between sites and experiences, which on the one hand can increase the sustainability in the longer term of individual hubs by providing agency, and on the other hand facilitate the sharing of knowledge and strengthening the collective capacities of local-level interventions to have large system effects [7] . 
Open-source, commons-based peer production
AgrocitéHub, built as a portal bringing together a number of tools into one single location, illustrates a 'modular' -rather than 'monolithic' -approach to the tools that populate the local 'platform' or toolkit [52] . Modularity is a common approach to software development, and in particular within the open source software movement, in terms of both the 'platform' (and operating system) and the 'tools' (or software)
2 . The modularity and ease of use of the Agrocité toolkit allows it to be maintained in a distributed way through usage (e.g., a group managing a specific hub activity, such as the café, can be in charge with the tool serving that activity, such as the recipe book). Importantly, while prototyped in the case of Agrocité, the toolkit is customizable (it offers the possibility of adding and/or removing tools according to local hub needs) and replicable (it provides a template that can be easily adapted in other locations).
Furthermore, the design process also includes knowledge transfer workshops, one for each tool, during which the 'users' learn how to use the tools through testing them, reflecting on their usage and formulating their own 'user guides' (Fig 4) . This process of appropriating and 'translating' the tools enables the transfer of knowledge to others, outside the research project and without the involvement of the initiators of the hub (here, AAA). Reflecting opensource forms of production, which are based on collaboration among large groups of individuals [40] , this distributed process can facilitate and sustain the collaborative production of knowledge and practices specific to the hub. If imagined on a broader, network scale of connected hubs, this process can strengthen the capacity to advance those types of practices that are key features to each hub (e.g., urban agriculture, composting, recycling) in a distributed and collaborative way, in turn potentially instigating the kinds of social practices and values needed to achieve greater resilience. 
Collaborative technologies:
The platform design approach tactically uses existing collaborative technologies and it re-appropriates them for local conditions, needs and capabilities, through rapid prototyping and 'nesting' re-appropriated parts into new hybrid technological assemblies that are both digital and analogue. As part of the prototyping process, we explore possibilities for re-appropriating and re-framing existing (open or not) digital technologies as open (and incomplete) toolkits. For example, AgrocitéHub (the portal hosting micro-tools) has been created using an open-source visual website making tool (Hotglue, which does not require any coding skills to create the hub website). Moreover, the tools it re-appropriates include: the social networking site, Twitter, which is used as a way of creating a public archive of recipes or a recipe book; and the crowdsoured mapping platform, Ushahidi, as a way of creating a visual and interactive database of resources, similar hubs and other resilience networks (local, city-wide and European).
The modular and open approach to the design of the platform, which includes designing agency along with technology, illustrates possibilities for the platform to become a form of 'commons' in itself -and its production and use, a form of 'commoning'. By enabling a distributed production of the knowledge and practices that characterise the hub, the Agrocité toolkit illustrates how collaborative technologies could be re-appropriated to sustain and connect local interventions addressing context-specific social, ecological and economic challenges. Furthermore, the continuous process of 'de-stabilisation' and 're-stabilisation' [53] of technologies according to local specificities and types of users in quick, transparent and replicable ways, has the potential to instigate boarder cultural and institutional change through the scaling and multiplication of alternative socio-economic practices, leading to urban transformation.
Observations
Besides defining a digital toolkit for the 'local' level of the platform, the research carried out in Paris indicated that commoning processes happen on multiple and different levels, according to the types of commons with which the various actors engage. While in the case of the group of residents running Agrocité this included the collective garden and the various activities organized around it, at a trans-local level (e.g., across a network of local hubs), commoning extends to the knowledge produced through local experimentation and the specific civic and ecological practices characterising each hub. Furthermore, moving up towards the regional and European levels, we can start to imagine that commoning could take place in terms of project processes (or project 'codes'), modes of construction, methods, legislation, economic and organisational models 3 . In relation to the platform, the digital tools that it will contain will need to address these various types of commons and levels of commoning -particularly reflecting on the questions of what can (and needs to) be commoned and for what purpose. Moreover, acknowledging that the commons are fundamentally complex socioecological systems [54] , the platform -in itself a commons -will require a defined community (or a number of communities) and a set of values, protocols and norms devised collectively for the everyday subsistence of the resources produced through using it [37] .
At the same time, all of these levels of commoning need to be connected and supported as part of a widerreaching platform in order to allow the sharing and mutualising of resilience knowledge and resources, and enable an iterative and distributed production of the platform. This requires co-designing agency along with technology to enable the co-design process to continue beyond the life of the project, within and beyond the digital world. This is particularly important when producing knowledge for sustainability and resilience [55] [56] because resilience requires multi-agency responses and partnerships between diverse groups [57] . Indeed, a co-production approach to resilience needs to enhance the 'capability to act' [58] of as many as possible.
As noticed in the case of the Agrocité hub, by providing access to easy to use functionalities, which address real needs of the hub and are identified together with the users, the a digital toolkit can enhance the agency of those running the hub, in terms of managing their activities independently from the initiators (i.e. AAA) and sharing the knowledge produced. Although many of them had no previous knowledge of using digital technologies, or indeed considered technology in relation to their everyday commoning practices before the workshops, the co-design process enabled them to take ownership of the tools, making them their own (as illustrated by the user-generated 'user guides'). Furthermore, the process of using and re-appropriating existing technologies for local conditions, needs and capabilities, through rapid prototyping and 'nesting' of re-appropriated parts into new hybrid and modular technological assemblies [52] has the potential to offer the kind of incompleteness [59] needed in order to achieve a truly open production of the urban commons. These aspects of the digital platform will be further explored through workshops organised and hosted in two additional locations and with different types of users, in London and Bucharest.
